A 60 MeV beam at the BNL Accelerator Test Facility (ATF) was manipulated by a planar tunable de-chirper made out of two 10 cm long dielectric slabs with copper plated backs. While the gap was changed from 5.8 mm to 1 mm, the correlated energy chirp of the low charge electron bunch was reduced from approximately 330 keV/mm to zero. This result is in agreement with simulations. Calculations show that similar devices, properly scaled to account for the expected electron bunch charge and length, can be used to remove residual correlated energy spread at the end of the linacs used for free-electron lasers (FEL). Potentially, this technique could significantly simplify linac design and improve FEL performance. Ultrashort x-ray pulses are a powerful tool for addressing grand challenges in science, e.g. control of materials and processes at the electron level, and the investigation and design of new forms of matter with tailored properties. Short (subpicosecond) pulses are central to many of the next generation light source initiatives (primarily free electron lasers (FEL)) that are based on
linear accelerators. Subpicosecond bunches in FELs are produced by means of longitudinal bunch compression. Obtaining this compression requires the beam has to have a positive energy chirp: the longitudinal energy profile linearly correlated with the longitudinal coordinate with the head of the beam having a lower energy than the tail. This is realized by running the beam offcrest in the accelerating section. The residual chirp also helps to compensate for wakefield effects through the rest of the accelerating stage. Chirp is often measured in keV/mm, the correlated energy spread of the beam divided by its length. This small (but having a deleterious effect on the performance of the FEL) energy spread needs to be removed before the beam passes through the undulator. We consider here a concept for a passive wakefield device, the wakefield silencer [1] or dechirper [2] , to perform this compensation. The device is to be installed, for example, at the output of the last compressor, or at the end of the linac. The silencer allows the removal of the remaining energy spread (~40 MeV/mm for FEL) after longitudinal bunch compression, using its self-wakefield -Cherenkov radiation generated by the bunch passing through a dielectric loaded [1, 3] or corrugated wall [2] waveguide. We have demonstrated passive energy chirp correction by self-wakefield at the Brookhaven ATF facility [3] . In this paper we present the results of a tunable chirp correction experiment using a variable aperture planar dielectric loaded waveguide. The 330 keV/mm correlated energy spread of a 60 MeV, 54 pC beam at the BNL Accelerator Test Facility (ATF) was completely removed by adjusting the gap between the dielectric plates from 5.8 mm down to 1 mm.
While propagating along a dielectric-lined tube the ultra-relativistic electron bunch excites a set of waveguide modes with a phase velocity equal to electron velocity (the speed of light in the ultra-relativistic case). Unlike wakefield acceleration [4] and THz radiation generation [5] which employ primarily long-range wakefield radiation (rf energy left behind in the structure), here we exclusively consider short-range wakefields: the fields experienced by the beam itself. These short-range wakefields cause the head of the short beam to decelerate the tail.
The wake amplitude ~ q a 2 , where is the waveguide form factor, q (C) is the charge and a (m)
is the characteristic size of the aperture. Hence tuning the transverse size of the aperture allows corresponding adjustment of the strength of the chirp corrector [6] .
Removing a linear chirp requires that the decelerating field inside the bunch is also nearly linear along the bunch length. In Fig. 1(a) , we present plots of the wakes (computed by the method of [7] ) generated by a quasi-flat-top beam similar to that used in the design of the Next Generation Light Source (NGLS) [2] (approximately 150 m flat-top core and 300 pC of charge)
passing through the structure that we used in our experiment. Our dechirper was made of two 10 cm long alumina bars, 12 mm wide and 6.35 mm thick with metallized backs. The total gap size was remotely adjustable over the range 0-1 cm ( Fig This is illustrated in Fig. 1(b) , which shows a comparison of the wakes generated by the NGLS beam and a Gaussian beam with the same standard deviation, in the dechirper with a 1.9 mm gap. The difference in the decelerating field that a particle at z b experiences with respect to particle at z a is about 4 MV/m, while the longitudinal spacing between them is 0.17 mm. That means, for instance, that passing a 300 pC flat-top beam through a 1 m long structure would have removed a chirp of 4 MeV/0.17 mm. Therefore the chirp corrector strength is ~ 78.5
MeV/mm/m/nC. While this simple definition does not capture the effects of the current profile (in Fig. 1(b) the wake from a similar size Gaussian beam has a slightly different slope) it can be used as a figure of merit to describe the chirp corrector.
In the example in Fig. 1(a) The structure has to be designed to yield a linear decelerating field for the specific shape of the bunch to be corrected. The principle of the chirp corrector is based on the action of each excited mode back on the beam itself. It is extremely important that the wavelength of excited mode is larger than the length of the beam to avoid field oscillations along the beam [3] .
Consider a multimode waveguide loaded with a thick dielectric layer as the chirp compensation device. This structure would support a large number of modes with wavelengths larger that the bunch length ( Fig.2(a) ). The thick layer design is beneficial for small aperture operation, since it becomes practically impossible to host modes with large enough wavelengths in the case of a thin dielectric layer or corrugation. For multimode structures there is a natural roll-off in the spectral content which is a consequence of the beam possessing a larger low frequency content compared to high frequency.
For a successful dechirper one has to make sure that the modes with wavelengths longer than the beam dominate the short wavelength part of the spectrum. This is the case for our structure even for the ~ 550 µm long quasi-triangular beam used in the experiment ( Fig. 1(b) ). For a short triangular beam the self-decelerating field is always linear [3] . If we make the beam longer ( Fig.   2(a) ) the collective effect of modes with wavelengths smaller than the beam length becomes larger and leads to a non-linear decelerating field. We measured the energy spread using a magnetic spectrometer. It was observed that the energy spread decreased as we closed the chirp corrector gap from 5.8 mm to 1 mm. Fig. 3 shows our experimental data: the beam is detected by a phosphor screen and imaged by a camera (Fig.3(a) ). On this image the horizontal dimension represents the particle energy, and the vertical dimension represents the vertical beam size. Due to the initial energy chirp one can see the correlation of the chirp value and the longitudinal projection of the beam on the spectrometer.
When the dechirper gap was closed down to 1 mm we no longer observed any correlation and the energy spread was at a minimum. The energy chirp was calculated to be 330 keV/mm (165 keV over a 500 micron long triangular beam). This 330 keV/mm was compensated in the 10 cm long dechirper. Since the total beam charge was 54 pC, the dechirper strength in this case is 61±6 MeV/mm/m/nC.
There is a simple theoretical model that fits well the experimental data presented above.
The beam is modeled by taking the measured current shape (Fig. 5(a) ) and applying a linear energy chirp to it along with an estimated uncorrelated energy spread of 30 keV. Then we use wakes simulated for the measured current shape and dechirp the constructed beam numerically using those wakes (Fig.5(b) ). The main source of inaccuracy arises from the bunch shape measurement, estimated as ~10%. This model fits the data quite well within the error bars ( Fig.   5(b) ). We plot the standard deviation of the beam as a function of the dechirper gap for both the experimental and numerical data ( Fig.5(b) ). 
